Introduction: Executive Dysfunction (ED) is associated with difficulties in daily life and poor treatment adherence in individuals with neurological and psychiatric disorders. The aim of this paper is to present an update of Executive Function (EF) Rehabilitation Techniques. Methods: We performed a comprehensive literature review using the following keywords: executive function, mental disorders and rehabilitation in the PubMed, specific journals and books. Results: There is evidence of improvement of EF using some rehabilitation techniques, such as goal planning, goal management training, problem solving training, verbalization, drill and practice approach, metacognitive strategy instruction, computer-assisted training and neurofeedback. However, impact of rehabilitation on daily life remains poorly understood. Conclusion: Executive Dysfunction (ED) may be remediated and/or compensated at a certain degree by neuropsychological rehabilitation, but there is still a great challenge in this area based on how to measure effectiveness of EF interventions on daily life. There is a need for the development of new and/or combined techniques (i.e., pharmacological treatment, deep-brain stimulation) for a broader impact on quality of life for patients.
Introduction
Psychiatric Disorders affect 450 million people and their costs to society represent a significant impact on the total Disability Adjust Life Years (DALYs) of all diseases in the world [1] . One of the main causes of disability in psychiatric disorders is associated with deficits in Executive Functions, a very common cognitive abnormality related to frontal or diffuse brain alterations typically seen in these patients. The Executive Functions (EFs) are intrinsic to the ability to respond in an adaptive manner to new situations and they are also the basis for many cognitive, emotional and social skills. The EF is divided into volition, planning, purposive action and effective performance [2] .
Executive Dysfunction (ED) in Traumatic Brain Injury (TBI) is associated with a persistent loss of social autonomy and inability to return to work [3] . The nature of these deficits, such as poor ability to criticize, distractibility, difficulty in abstract thinking, can compromise the patient's ability and motivation to adapt strategically to his/her disabilities [4] . Psychiatric and neurological patients with ED have independence and participation in affected activities, especially in daily life activities [5] , moreover, they are more likely to drop out from treatment [6] .
However, pharmacological interventions do not completely remediate cognitive deficits and even secondgeneration antipsychotics have a modest beneficial effect on cognition in schizophrenia [7, 8] . Therefore, nonpharmacological intervention such as neuropsychological rehabilitation may be useful to improve EF. Moreover, we believe the reduction of these deficits could significantly improve these patients' emotional health, social functioning and independence skills, decreasing illness burdens and other expenses [8] . Neuropsychological rehabilitation (NR) focuses on empowering people affected by cognitive deficits, emotional and behavioral disorders to achieve their maximum potential in psychological, social, recreational and vocational areas, as well as in their daily functioning. The first step in order to plan an appropriate intervention program is to map the neuropsychological functioning, aiming to investigate the patient's cognitive strengths and weaknesses [9] .
It is relevant to review studies in this topic considering the rare number of investigations that focus on NR of EF in psychiatric patients. In the history of neuropsychology, it is common to notice an adaptation of techniques used in neurological disorders to psychiatric patients. In addition, it is difficult to establish a clear overview about the NR techniques and their effectiveness, due to the complexity of the EF. The aim of this paper is to present an update of techniques and NR models used in neurological and psychiatric patients, in order to provide a theoretical background to discuss about the NR of psychiatric patients with ED.
Methods
We performed a comprehensive literature review using the following keywords: executive function, mental disorders and rehabilitation in a database (PubMed), specific journals and books which were published until December 2012. Our search methods resulted on 57 published articles plus articles from the references according to the relevance of the key words. We only included articles about psychiatric disorders and/or TBI and NR. 
Results
There were thirteen articles selected, which are briefly presented below ( Table 1) .
For didactic purposes, the articles were classified in two groups, considering the EF theoretical model of Lezak et al. [2] : rehabilitation of volition and planning, and technics that improve purposive action and effective performance.
A neuropsychological evaluation plays an important role to guide treatment for it is a way to investigate which cognitive abilities are intact and which ones have been impaired and how impaired they are [10] .
First Group: Rehabilitation of volition and planning in patients with ECF impairments.
Volition is the capacity for intentional behavior (to formulate a goal or to form an intention) that includes motivation, self-awareness, social awareness, awareness of one's physical status, of the environment and the situational context. Planning refers to the identification and organization of the steps and elements needed to carry out an intention and achieve a goal [2] . The organization of directed behavior, which is related to frontal functions, relies on the selection of sequential actions; not surprisingly frontal lesion patients often present goal neglect (disregard of a task requirement even though it has been understood and remembered) [11] . Goals, a desired or expected future state [12] , are essential in the rehabilitation process as they may enable the patient to return to the environment and to his/her normal life [9] . A goal should be Specific, Measurable, Achievable, Realistic/ relevant and Timed (SMART) [13] . As goal setting is the core of the NR process, it is necessary to include the patients and all involved members (such as family and staff) in it [12] . For example, in a TBI case report, the goals were: to explain consequences of brain injuries and their impact on daily life, reduction of intrusive thoughts, to use memory systems and planning for independent living activities, to use strategies for sustained attention in daily activities [9] .
The Goal Management Training (GMT) [14] is composed of 5 stages: orientation, goal selection, definition of sub-goals to achieve the main goal, memorize the sub-goals and outcome. These structured exercises encourage the patients to monitor and evaluate their own performance in situations of everyday life. For example, the strategies that include a break in activities aimed at stopping and thinking, breaking goals into sub-goals by making them more manageable, using mental images and to-do lists. The overall goal is to help individuals identify what works best for them, and promote the implementation of these strategies in everyday situations. Levine et al. [14] compared GMT to motor skills training (MST); their results showed that GMT was related to performance improvement on outcome measures similar to daily life activities. The GMT also had good results in a case of meningo-encephalitis with executive dysfunction, which reported less difficulty in preparing meals, with long-term gains.
The problem-solving training is another technique that also uses teaching strategies and steps. This technique is the replacement of patient's impulsive approach for verbal systematic analyses of goals and means to achieve them. Patients are encouraged to: identify the problem, separate relevant from irrelevant information, draw connections between the relevant items, generate possible solutions and monitor their effectiveness [15] [16] [17] . The use of problem-solving training has proved very useful in a study with TBI patients with ED: the patients submitted to this training showed improvements in planning tasks and in the therapist's assessments of everyday behavior [15] .
According to a study by Rupp et al. [18] , cognitive remediation through 12 individual computer-assisted training sessions showed significant improvements on alcohol-related impairments in purposive attention, function and memory, specifically alertness, divided attention, working memory and delayed memory. Despite incremental benefit for some specific alcohol-related cognitive impairments, the results suggest that they are not for all aspect of cognitive functioning, such as inhibitory control. There are some limitations in this study such as P. D. GONÇALVES ET AL.
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the modest number of subjects (41 patients; 20 of them in the control group and the other 21 in the cognitive remediation group) and the fact that control group patients were not exposed to a computer and the improvements may have been merely attributable to placebo effect. Neurofeedback training is a computerized technique that trains individuals to actively control and change their neural activation patterns by viewing the brainwaves they emit after occurring. Rabipour et al. [19] in their study, advertise the improvement in mental functioning and increase of awareness. Nevertheless, it is still necessary to investigate the sustainability of these effects.
Miotto et al. [17] conducted a study with thirty patients presenting frontal lobe lesions using the attention and problem solving approach, which merges two techniques already described (GMT and problem-solving training). This approach is composed of three stages: problem awareness, monitoring and evaluation, and developing, initiating and implementing a plan. Their findings demonstrated improvement in EF ecological measures, symptoms evaluation and real-life activities.
Second Group: How to maintain a purposive action and effective performance in patients with ECF impairments.
Purposive action is the translation of an intention or plan into productive, self-serving activity and involves the ability to: initiate, maintain, switch, and stop sequences of complex behavior in an orderly and integrated manner. Effective performance corresponds to the ability of self-monitoring [2] .
The treatment will vary depending on individual deficits. The restorative approach is focused on reinforcing the functions that remains at least some extent intact. The compensatory approach focuses on training the patients on new strategies to cope with the impairment [10] .
Some patients present difficulties in accomplishing actions, despite of presenting preservation of planning skills. One cognitive strategy used to improve this difficulty is verbalization, (speaking out loud, describing the steps of what one individual is doing while undertaking tasks). A study revealed that verbalization could improve the performance on activities, which involves various EF elements in schizophrenic patients especially on multiple EF tasks [20] .
A review on 15 studies of interventions after TBI (focusing on the improvement of everyday problem solving, planning, organization and multi-tasking) showed that the most used techniques were: training multiple steps (including metacognitive strategy instruction), training strategic thinking, and training multitasking. In most studies, treatment was individual and the average treatment time was about12 hours. All studies reported positive results after treatment (qualitative and quantitative analysis) [21] .
Metacognitive strategy instruction (MSI) can be another effective cognitive strategy. This approach uses instructions to teach people how to self-monitor through identification of appropriate goals and performance prediction in an activity in advance. The participants try to identify possible solutions based on: general predictions (which could be based on past experiences), self-monitoring or evaluation of performance during an activity, and behavior change in choosing a strategy. For example: ask the patient to predict his/her performance on the next trial, ask him/her to analyzed previous performance [21, 22] . A randomized trial with TBI patients has presented improvement on psychometric measures and on everydaylife scales. This rehabilitation program of divided attention showed that experimental training (tasks close to patients daily life: cooking, simulation of daily life situations, summarizing news) when compared to control training (vigilance or simple visual search tasks and simple problem solving) had particular effect on divided attention, which enabled patients to respond faster and more precisely when performing tasks with multiple stimulus [23] .
A prospective multicenter randomized control trial with acquired brain injury patients using the Multifaceted Treatment of Executive Dysfunction approach, which is based on Ylvisaker's conceptual framework (self-awareness, goal-setting, planning, self-initiation, self-monitoring, self-inhibition, flexibility, and strategic behavior), showed treatment effects on outcome measures related to daily life executive functioning after intervention and also lasting for 6 months after treatment [24] .
It was found that family can interfere with the success of the treatment. The collaboration in many areas such as transportation, finances and emotional support can be associated to successful rehabilitation results [10] . Nevertheless, emotional distress and family dysfunction may difficult or impede the recovery process because of the patient vulnerability.
However, there are several limitations in previous studies (see Table 1 ), such as several types of methodology (i.e. each study has a different number of sessions), few of instruments to measure EF rehabilitation effectiveness, lack of control group, lack of generalization of their findings in real life and absence of follow-up studies investigating the maintenance of rehabilitation effects. These factors may not only significantly limit the comparability of data and results among studies, but also overestimate possible positive effects of NR (resulting in false-positive effects of NR). Further research would help us to establish a greater degree of accuracy in Neuropsychological Rehabilitation.
In sum, there is a need for the development of new tools to stimulate EF in neurological and psychiatric patients. This represents an actual challenge for the rehabilitation of ED. Recently, we found that the use of board games, especially chess, seems to be a promising tech-nique. As games require strategy development and problem solving, they tend to facilitates cognitive and affective self-regulation. Games can promote a great motivation of the participants, due to their association with real-life issues and not with artificial or experimental materials [9] . Thus, the interaction with the other player stimulates self-monitoring, as the strategies and the moves are influenced by external stimuli. In fact, Prigatano et al. [25] stated that the NR success is related to programs, which focus not only on cognitive functions but also on subjective aspects (emotions and motivation). Moreover, it was observed through functional neuroimaging greater activation in the prefrontal cortex area during this game [26, 27] . Games have rules that are shared with others, and this process of being submitted to the rules enables the development of cognitive and social skills [28] . Board games were already used to improve cognitive functioning with stimulating results [29, 30] . Moreover our preliminary study with substance dependents showed a reduction on impulsivity and working memory with chess game demonstrating the feasibility of this tool in the neuropsychological rehabilitation [31] . Efficacy studies should be performed to verify the effects of cognitive stimulation in improving executive functioning of patients and in the process of relapse prevention.
Another possibility is to combine neuropsychological rehabilitation with pharmacological interventions, such as Stimulants (i.e., methylphenidate), focusing on dopamine pathways aiming to reduce attention and executive dysfunction in patients with EF [10] . Other very interesting technique refer to the Deep brain stimulation of the nucleus accumbens, which has been related to changes in performance monitoring and craving in severe alcohol dependence by increasing impulse control and decision making [32] .
Conclusion
The traditional rehabilitation techniques show some improvements in EF. In this review, we analyzed data about several strategies such as goal planning, writing SMART goals, goal management training, problem solving training, attention and problem solving approach, verbalization, strategy-based approach, drill and practice approach, metacognitive strategy instruction, simulation of daily life tasks and multifaceted treatment program for executive dysfunction, neurofeedback, and computer-assisted training. In general, it seems that there is no consensus about a unique approach for EF rehabilitation. Besides that, new strategies must be developed and board games could be a highly promising therapeutic tool, which can be easily used in any social economical level. Combined strategies considering neuropsychological rehabilitation techniques, pharmacological treatment and deep-brain stimulation could also have a more significant impact on EF, but only future prospective studies could investigate the efficacy and the impact on patient's daily routine of such interventions. At last, new studies should investigate other factors and their influence on cognitive rehabilitation.
